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(57) Abstract 

A gas distribution apparatus (10) for delivering a gaseous substance to a chamber (12) for processing semiconductor wafers (22). 
The apparatus (10) includes at least one plenum (46, 48) formed for receiving a gaseous substance, a plenum body (40) mountable to the 
chamber (12) and having at least one conduit (54, 56) formed therein and a nozzle structure (70) removably mounted to the plenum body 
(40). Tbe conduit (54, 56) is coupled to the plenum (46, 48) for delivery of the gaseous substance to the plenum (46, 48) and the nozzle 
structure (70) has a plurality of nozzles (34) coupled to the plenum (40) and configured for injection of the gaseous substance into the 
chamber (12). 



BEST AVAILABLE COPY 







FOR THE PURPOSES OF INFORMATION ONLY 






Codes used to identify States party to the PCT on the front pages 


of pamphlets publishing international 


applications under the PCT. 










AM 


Armenia 


GB 


United Kingdom 
Georgia 


MW 


Malawi 


AT 


Austria 


GE 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 




KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


a 


Cote d'lvoire 


U 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


cs 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


cz 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tapkistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 
FI 


Spain 


MG 


Madagascar 


UG 


Uganda 


Finland 


ML 


Mali 


US 


Uohed Stales of America 


FR 


France 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



i 



WO *7/03223 



1 



PCIYUS96/10657 



GAS DISTRIBUTION APPARATUS 
BRIEF DESCRIPTION OF THE INVENTION 

This invention relates in general to system for distributing gaseous substances and, 
more particularly, to a gas distribution ring for semiconductor wafer processing systems* 

BACKGROUND OF THE INVENTION 

The processing of semiconductor wafers is typically accomplished by positioning the 
wafer in a chamber and subjecting the surface of the wafer to various chemical 
substances. The chemistry of the substances depends upon the type of processing 
employed as well as the nature of the devices formed on the surface of the semiconductor 
wafer. The chemical substances are generally delivered to the chamber either in gaseous 
form or with a carrier gas. With some processes, the formation of the film layers on the 
wafer surface is enhanced using high density plasma. 

Various systems have been used to deliver the gaseous substances to the processing 
chamber. One type of gas delivery system employs a stainless steel ring vertically spaced 
above the exposed surface of the wafer. The gaseous substance flows through nozzles 
mounted to the ring and into the processing chamber toward the wafer surface. Another 
type of device includes a manifold which extends across the wafer surface. The manifold 
has a plurality of nozzles or holes for showering the wafer with the gaseous substances 
required for the chemical process. 

Repair and maintenance of the available gas delivery devices is typically a labor 
intensive and time consuming process. The device must be disassembled to adequately 
clean the nozzle holes and interior plenums, interrupting the process for an extended 
period of time and significantly reducing the efficiency and output of the processing 
system. The nozzles with devices such as the gas distribution ring may not be removed 
or replaced because they are an integral component of the device. A gas distribution 
system which may be efficiently repaired and maintained without significantly interrupting 
the processing operation is desirable. 



WO 97/03223 



PCT/US96/10657 



2 

OBJECTS AND SUMMARY Q F THE TNVP.NTTnM 

It is a primary object of this invention to provide a gas distribution apparatus for 
injecting gaseous substances into a processing chamber. 

It is a further object of the invention to provide* gas distribution apparatus which 
provides a substantially uniform distribution of gas across the surface of a wafer. 

It is another object of the invention to provide a gas distribution system in which the 
nozzles may be efficiently and conveniently replaced. 

A more general object of the invention is to provide a gas distribution apparatus 
which may be economically manufactured and easily installed in a processing chamber, 
and which may be conveniently and efficiently repaired and maintained. 

In summary, this invention provides a gas distribution apparatus which is particularly 
suitable for delivering a gaseous substance to a processing chamber. The apparatus 
generally includes a plenum body mountable to the chamber, a replaceable nozzle 
structure removably mounted to the plenum body and at least one plenum formed for 
receiving a gaseous substance. The plenum body is formed with at least one conduit 
which is coupled to the plenum for delivery of the gaseous substance to the plenum. The 
nozzle structure has a plurality- of nozzles coupled to the plenum and configured for 
injecting the gaseous substance from the plenum to the chamber. 

Additional objects and features of the invention will be more readily apparent from 
the following detailed description and appended claims when taken in conjunction with 
the drawings. 

BRIEF DESCRIPTION OF T HE DRAWING 
Figure 1 is a schematic perspective view, partially broken away, of a gas distribution 
apparatus in accordance with this invention, shown installed in a plasma-enhanced 
chemical vapor deposition system. 

Figure 2 is a front plan view, partially broken away, of the gas distribution apparatus 
of Figure 1. 

Figure 3 is a cross-sectional view taken along line 3-3 of Figure 2. 
Figure 4 is a cross-sectional view taken along line 4-4 of Figure 2. 
Figure 5 is a cross-sectional of a gas distribution apparatus in accordance with 
another embodiment of the invention. 
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PETAILEP PF i SCRTPT TQN OF THE invf.ntto^ 
Reference will now be made in detail to the preferred embodiment of the invention 
which is illustrated in the accompanying figures. Turning now to the drawings, wherein' 
like components are designated by like reference numerals throughout the various figures, 
attention is directed to Figure 1. 

Figure 1 shows a gas distribution apparatus 10 which is particularly suitable for 
delivering a gaseous substance to a chamber 12 of processing system 14. Processing 
system 14 is used for plasma-enhanced chemical vapor deposition processing, although 
it is to be understood that the apparatus 10 may also be used with other processes on the 
wafer including, but not limited to, chemical vapor deposition, etching, high temperature 
film deposition, and the like. Processing system 14 generally includes a chamber wall 
16 and a top plate 18 enclosing the chamber 12. A support assembly 20 supports a wafer 
22 within the chamber 12 for processing. In the preferred embodiment, the support 
assembly 20 is an electrostatic clamp assembly of the type disclosed in co-pending 
application Serial No. (Flehr, Hohbach, Test, Albritton & Herbert File No. A- 
62195/AJT/JEM), the disclosure of which is incorporated herein by reference. However, 
other types of support systems such as a mechanical clamping chuck may be used if 
desired. A plasma source 24 mounted to the top plate 18 and substantially axially aligned 
with the wafer 22 generates a supply of plasma for enhancing the processing of the wafer 
22. Plasma source 24 is described in detail in co-pending application Serial No. (Flehr 
Hohbach, Test, Albritton & Herbert File No. A-62268/AJT), the disclosure of which is 
incorporated herein by reference. 

Gas distribution apparatus 10 is mounted to the chamber wall 16 below the top plate 
18. In the present embodiment, the distribution apparatus has an annular configuration 
with the outer peripheral surface 30 of the apparatus being mounted to the chamber wall 
and the inner surface 32 defining a central opening which extends through the distribution 
apparatus. A plurality of nozzles 34 inject gas into the processing chamber, with the 
gaseous substances traveling inwardly from the distribution apparatus toward the central 
axis of the chamber. The annular configuration of the gas distribution apparatus 
uniformly distributes the gases around the circumference of the chamber while providing 
a passageway between the plasma source 24 and the wafer 22. Separating the distribution 
apparatus 10 from the flow of plasma also provides for independent control over the 
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plasma density and the flow of the gaseous substances. As is indicated by the arrows in 
Figure 1, the plasma generated by the source 24 and the active species of the gaseous 
substance move downwardly onto the wafer surface in the RF field created between the 
distribution apparatus 10, chamber wall 16 and the support system 20, depositing a layer 
of film on the wafer. 

Although the annular configuration of gas distribution apparatus 10 is preferred, it 
is to be understood that other configurations are within the scope of the invention. For 
example, the distribution apparatus may have a rectangular or oval configuration if 
desired. Instead of one apparatus which extends continuously around the circumference 
of the chamber, one or more arcuate distribution devices may be employed if desired. 

Gas distribution apparatus 10 is of particular advantage in high-density, plasma 
enhanced processing because of the effects on the gas flow of factors such as the high 
density of the plasma, the low pressure of the processing chamber (Less than 3-4 mTorr 
for high density plasma enhanced processes compared to more than 100 mTorr for 
conventional plasma-enhanced systems), and the relatively high energy of the electrons. 
Because of the lower chamber pressure, the gaseous substances are moved by convection 
flow rather than free molecular flow. 

Turning to Figures 2-4, the gas distribution apparatus 10 will be described in greater 
detail. Distribution apparatus 10 generally includes a plenum body 40 mounted to the 
wall 16 of the chamber 12. In the present embodiment, the plenum body 40 is supported 
on a horizontally-extending ledge 42 of the chamber wall 12. Threaded fasteners 44 
distributed around the circumference of the plenum body extend through bores 45 formed 
in the plenum body and engage the chamber wall 16 to secure the plenum body to the 
chamber. The top plate 18 covers the plenum body and is secured to the chamber wall 
16 as is known in the art. As is shown in Figure 1, the plenum body 40 is positioned 
immediately beneath the top plate 18 in the present embodiment, although it should be 
understood that the location of the plenum body is subject to considerable variation 
depending upon such factors as the design of the chamber 12, the type of processing 
employed and the nozzle design. 

Plenum body 40 has two parallel, circumferentially extending channels 46 and 48 
formed in the plenum body. The channels 46 and 48 partially define a pair of plenums 
for receiving the gaseous substances employed in the processing of the wafer. Channels 
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46 and 48 are each connected to a gas source 50, 52 through separate conduits 54 and 
56 formed in the plenum body 40. For high density, plasma-enhanced chemical vapor 
deposition one channel is coupled to a source of oxygen and the other to a source of 
argon and silane. However, various other gaseous substances may be employed 
depending upon the processing employed in chamber 12. As is shown in Figures 2 and 
3, the conduits 54 and 56 are L-shaped, extending outwardly and then downwardly 
through the plenum body 40 to intersect vertical supply lines 58 and 60 extending through 
the chamber wall 16. Conduits 54 and 56 are therefore circumferentially spaced around 
the plenum body 40. In other modifications of the inventions, the conduits may have 
other configurations and supply lines 58 and 60 may be replaced with lines which extend 
horizontally through the chamber wall 16. 

In the present embodiment, plenum body 40 includes only one conduit for each 
channel although more than one conduit may be employed if desired. In other 
modifications of the invention, plenum body 40 may include two or more conduits evenly 
spaced about the circumference of the plenum body and oriented to tangentially inject the 
gaseous substance into the plenum with the gaseous substance from each plenum flowing 
through the channel in the same direction. - Tangentially injecting the gaseous substance 
offers the advantage of improving the tangential uniformity of the surface profile because 
of the improved distribution of gas within the plenum. 

A baffle 62 formed with a plurality of openings (not shown) is mounted in each 
channel 46 and 48 as is known in the art. Baffles 62 interrupt the flow of gas from the 
conduits 54 and 56 to the directly-adjacent nozzles 34 to diffuse the gas and more 
uniformly distribute the flow of gas around the circumference of the plenum body 40. 
The configuration of the baffles 62 is selected to provide an optimum distribution of gas 
and is subject to considerable variation. Moreover, the baffle 62 may be omitted if 
desired. 

A nozzle structure 70 is removably mounted to the plenum body 40, covering the 
channels 46 and 48 enclosing the plenums. The nozzle structure includes a plurality of 
first nozzles 34a substantially aligned with the channel 46 and a plurality of second 
nozzles 34b aligned with the channel 48 for injecting the gaseous substances retained in 
the plenums into the processing chamber. In the illustrated embodiment, the nozzles are 
integrally formed with the nozzle structure 70 by machining or other suitable means. In 
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other modifications of the invention, the nozzles may be mounted to the nozzle structure 
separately using threads, snap-fittings or other suitable securement means. The size, 
shape, spacing, angle and orientation of the nozzles is subject to considerable variation! 
In the present embodiment, the nozzles are uniformly spaced around the circumference 
of the nozzle structure 70, although if required the spacing may be varied to provide a 
more uniform distribution of gas. The nozzles are preferably configured to provide the 
layers formed on the wafer surface with a substantially flat profile. As is shown in 
Figure 2, the nozzles 34 are oriented at an angle in the range of 30° to 90° relative to 
the wafer plane. However, the nozzles may be oriented at other angles depending on the 
vertical distance separating the nozzle structure 70 and the wafer 22 and the desired 
deposition profile on the wafer. 

As is shown in Figures 2 and 4, nozzle structure 70 includes an annular flange 74 
for mounting the nozzle structure to the plenum body. A plurality of fasteners 76 engage 
the flange 74 and the plenum body 40 to securely mount the nozzle structure to the 
plenum body. A protective liner 78 formed of quartz or another suitable material extends 
across the annular flange 74 and plenum body to isolate the fastener 76 and the plenum 
body from the interior of the processing chamber. Seal rings 79 are compressed between 
the nozzle structure 70 and the plenum body 40 to isolate the plenums and prevent gas 
leakage between the plenums and between the plenums and the chamber 12. The seal 
rings are formed of a suitable material resistant to high temperatures such as Kalrez or 
Chemraz, but Viton O-rings may also be employed for lower temperature processes. 

The nozzle structure 70 may be conveniently removed from the plenum body by 
disengaging the fasteners 76 from the plenum body. Removing nozzle structure 70 
facilitates cleaning and maintenance of the gas distribution apparatus 10. If desired, a 
second nozzle structure may be mounted to the plenum body 40 while the first is cleaned, 
allowing the wafer processing to continue without an expensive and time consuming 
delay. The second nozzle structure may have an entirely different nozzle configuration 
than the first if desired. The ability to conveniently remove the nozzle structure 70 
improves the efficiency of the repair and maintenance of the gas distribution apparatus 
10 and offers considerable flexibility in tailoring the nozzle design to a specific 
processing application. 
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When the distribution apparatus 10 is used with a plasma enhanced process as in the 
present embodiment, the nozzle structure 70 is exposed to a high potential RF energy 
field. As a result, gas distribution apparatus 10 is preferably grounded unless the nozzle 
structure 70 is formed of a dielectric material. Plenum body 40 and nozzle structure 70 
include mating surfaces 80 and 81 which are formed to maximize the surface contact 
between the plenum body 40 and the nozzle structure 70 to couple the nozzle structure 
70 to ground. The mating surfaces 80 and 81 are preferably plated with a suitable 
material such as nickel to enhance the surface-to-surface contact. The mating surfaces 
80 and 81 also provide a return path for the RF current when the support assembly 20 
applies an RF bias to the wafer. In other modifications of the invention, the junctures 
between the plenum body 40 and the nozzle structure 70 and the chamber wall 16 may 
be lined with a suitable dielectric material. 

In the embodiment shown in the figures, the nozzle structure 70 is positioned radially 
inwardly of the plenum body 40. However, in other modifications the nozzle structure 
70 may have other orientations relative to the plenum body. Moreover, the nozzle 
structure may be configured so that the injection points of the nozzles 34 are spaced a 
greater distance from the plenum body than is shown in Figures 2 and 3. The orientation 
and position of the nozzles relative to the wafer is subject to considerable variation within 
the scope of the present invention. 

Figure 5 shows another embodiment of a gas distribution apparatus 100 in accordance 
with the present invention. The distribution apparatus 100 includes a plenum body 102 
formed with three circumferentially extending channels 104 each defining a separate 
plenum for receiving a gaseous substance. Each channel 104 is coupled to a separate 
horizontally-extending conduit 105 formed in the plenum body 102 for joining the channel 
104 to a gas source (not shown). As is shown in Figure 5, the conduits 54 and 56 may 
be vertically aligned since the downward extending stretch of the uppermost conduit is 
omitted. The channels are enclosed by a nozzle structure 106 which includes a plurality 
of nozzles 108 associated with each channel 104 for injecting gaseous substances from 
the plenums into the chamber. As with the previously-described embodiment, the 
configuration of the nozzle structure 106 and the type, shape, size, number and spacing 
of nozzles 108 is subject to considerable variation within the scope of the invention. 
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With the embodiment shown in Figure 5, gas distribution apparatus 100 may be used 
to inject the same substance at two different flow rates. For example, one plenum may 
be coupled to a source of oxygen and the other two plenums may be coupled to source 
of argon and silane. The nozzles 108 may be arranged so that the nozzles of one of the 
two plenums are oriented to deliver the gaseous substance to the outer areas of the wafer 
and the nozzles of the other plenum are oriented to deliver the gaseous substance to the 
center areas of the wafer. The different nozzle orientations which provide different 
surface profiles which, when combined, result in a substantially flat deposition across the 
wafer surface. The gas distribution apparatus 100 also may be used to separately inject 
three different gaseous substances into the processing chamber or, if desired, one of the 
plenums may be sealed using a suitable capping device if only two plenums are required 
for a particular process. 

Nozzle structure 106 is removably mounted to the plenum body 102 by a clamping 
device 110. Clamping device 110 includes a clamping plate 112 extending across the 
plenum body 102 and the outwardly extending flange 114 of the nozzle structure 106. 
A fastener 116 engages the clamping plate 112 and the plenum body 102 to removably 
secure the clamping device 110 and the nozzle structure to the plenum body 102. A 
compliant spacing element 118 is preferably positioned between the clamping device 110 
and the nozzle structure 106. A liner 120 formed of a suitable material such as quartz 
coven the clamping device and plenum body. The clamping device 110 is particularly 
suitable for use with nozzle structures 106 which are formed of brittle materials such as 
ceramic materials and quartz. 

The plenum body 40 or 102 is preferably formed of aluminum or another suitable 
metal. The nozzle structure may be formed of a metal such as aluminum or a dielectric 
material such as a ceramic material, quartz or other dielectric material. The clamping 
device 110 is preferably formed of a metal such as aluminum, while the fasteners 76 or 
116 and 44 are preferably formed of stainless steel. 

The foregoing descriptions of specific embodiments of the present invention have 
been presented for purposes of illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms disclosed, and obviously many 
modifications and variations are possible in light of the above teaching. The 
embodiments were chosen and described in order to best explain the principles of the 
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invention and its practical application, to thereby enable others skilled in the art to best 
utilize the invention and various embodiments with various modifications as are suited 
to the particular use contemplated. It is intended that the scope of the invention be 
defined by the Claims appended hereto and their equivalents. 
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1. A gas distribution apparatus for delivering a gaseous substance to a chamber 
comprising: 

at least one plenum formed for receiving a gaseous substance, 

a plenum body mountable to said chamber and having at least one conduit formed 

therein, said conduit being coupled to said plenum for delivery of said gaseous substance 

to said plenum; and 

a nozzle structure removably mounted to said plenum body, said nozzle structure 
having a plurality of nozzles coupled to said plenum and configured for injection of said 
gaseous substance from said plenum to said chamber. 

2. The gas distribution apparatus of Claim 1 in which said chamber includes a chamber 
wall having a top portion, a bottom portion and a side portion joining said top and bottom 
portions, and in which said plenum body is mountable to said side portion of said 
chamber wall. 

3. The gas distribution apparatus of Claim 1 in which said plenum body has an outer 
surface defining a periphery of said plenum body and an inner surface defining a central 
opening extending through said plenum body, said outer surface being mountable to said 
chamber. 

4. The gas distribution apparatus of Claim 1 in which said plenum body has an elongate 
channel formed therein, said channel partially defining said plenum. 

5. The gas distribution apparatus of Claim 1 , and further comprising a baffle disposed 
in said plenum for uniformly distributing said gaseous substance between said nozzles. 

6. The gas distribution apparatus of Claim 1 , and further comprising a clamping device 
removably mounted to said plenum body, said clamping device extending across a portion 
of said nozzle structure to removably secure said nozzle structure to said plenum body. 
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7. The gas distribution apparatus of Claim 1, and further comprising a plurality of 
fastening configurations removably securing said nozzle structure to said plenum body. 

8. The gas distribution apparatus of Claim 1 in which said nozzle structure is formed 
of a material selected from the group comprising ceramic materials, quartz, and metal 
materials. 

9. The gas distribution apparatus of Claim 1 in which said plenum body is formed of 
a metal. 

10. The gas distribution apparatus of Claim 1 in which said apparatus includes a plurality 
of plenums each formed for receiving a gaseous substance, said plenum body having at 
least one conduit coupled to each of said plenums and said nozzle structure having a 
plurality of nozzles coupled to each of said plenums. 

11. The gas distribution apparatus of Claim 1, and further comprising a second plenum 
formed for receiving a second gaseous substance, said plenum body having at least one 
second conduit formed therein and coupled to said second plenum for delivery of a 
second gaseous substance to said plenum, said nozzle structure including a plurality of 
second nozzles coupled to said second plenum for injection of said second gaseous 
substance from said second plenum to said processing chamber. 

12. An apparatus for injecting a gaseous substance into a processing chamber surrounded 
by a chamber wall comprising: 

at least one plenum for receiving a gaseous substance; 

a plenum body having an inner surface defining a central opening extending through 
said plenum body and a peripheral outer surface moun table to said chamber wall, said 
plenum body having at least one passageway formed therein and coupled to said plenum 
for delivery of said gaseous substance to said plenum; and 

a nozzle structure removably mounted to said plenum body, said nozzle having a 
plurality of nozzles coupled to said plenum for injecting said gaseous substance into said 
processing chamber. 
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13. The apparatus of Claim 12 in which said nozzle structure is removably mounted to 
said inner surface of said plenum body. 

14. The apparatus of Claim 12 in which said plenum body has a substantially annular 
configuration. 

15. The apparatus of Claim 12, and further comprising at least one additional plenum 
formed for receiving a gaseous substance, said plenum body including at least one 
additional passageway coupled to said additional plenum and said nozzle structure 
including a plurality of additional nozzles coupled to said additional plenum for injection 
of said gaseous substance from said additional plenum into said processing chamber. 

16. The apparatus of Claim 12, and further comprising a clamping device removably 
mounted to said plenum body, said clamping device extending across a portion of said 
nozzle structure to removably secure said nozzle structure to said plenum body. 

17. The apparatus of Claim 12, and further comprising a plurality of fastening 
configurations removably securing said nozzle structure to said plenum body. 
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